Abstract. The photocatalytic composites of nano ZnO/α-Fe 2 O 3 /ATP were prepared by coprecipitation and hydrothermal reaction and then were applied to degrade simulated wastewater of methyl orange, which showed that the degradation rate of methyl orange reached 85.3% under UV light. The degradation reaction of methyl orange was consistent with first-order kinetic equation with k=0.456/h proving that the composite materials had efficient photocatalytic activity and excellent decolorization rate.
Introduction
Azo dyes such as methyl orange (MO) constitute about a half of the global production of synthetic textile dyes. Because of their abilities of enduring long-term exposure to sunlight, water, and other undesirable conditions [1] , the wastewater with azo dyes is recognized as a pollution which is very difficult to treatment. Conventional processing technologies such as flocculation, adsorption, and filtration are inefficient, since they simply transfer pollutants to another phase rather than destroy them. So considered sustainable and eco-friendly, biological technologies are attracting more interest currently [2] . Nanometer ZnO hardly causes light scattering, and has large specific surface area and a wide band, so it is considered to be one of the promising photocatalysts for degradation of hazardous organic compounds [3] . It has been reported sometimes to be more efficient than TiO 2 for photoxidation of phenol and nitrophenols [4, 5] . But its resistant performance of phototech is poor. α-Fe 2 O 3 can absorb a wide spectrum of solar radiation. It's the most stable iron oxide under ambient conditions and also is a resistive material towards photocorrosion in acidic and alkaline media [6] , which has been extensively investigated owing to unique electrical and catalytic properties [7] . Zhong [8] reported that the various α-Fe 2 O 3 structures lead to interesting shape-dependent properties and a wide variety of potential applications in water treatment. However, it is found that its suspension performance and photo catalytic performance are poor.
Attapulgite (ATP) is a hydrated magnesium aluminum silicate presented in nature as fibrillar mineral [9] [10] [11] , which has being widely applied in wastewater treatment for its unique fibrous crystal structure and superior colloidal, adsorption properties. Meanwhile, ATP is an ideal carrier for catalysts because of its large specific surface and good suspension property.
Many research works have focused on mixed oxide semiconductors due to an efficient charge separation that can be obtained by coupling two semiconductor particles with different energy levels [12] [13] [14] [15] . We report the preparation of Nano ZnO/α-Fe 2 O 3 /ATP composites and study their degradation properties for methyl orange in the work. The composites have excellent resistant performance of phototech and catalytic performance as well as adsorption performance and suspension performance. 
Experimental Section

Materials and Methods
Determination of Light Absorption
Attapulgite, nano ZnO/ATP, and nano ZnO/α-Fe 2 O 3 /ATP were mixed with methyl orange in three beakers respectively, which were stirred constantly and placed under the 18W UV lamp (or 18W fluorescent lamp) then high-speed separation using centrifuge. After that the absorbance of the supernatant liquids was determined by UV-Vis spectrophotometer, which was described as: Eq. 1: Degradation%= (A 1 -A 2 )/A 1 ·100%，
(1) A 1 : the initial absorbency of methyl orange, A 2 : the absorbency of methyl orange within time t.
Results and Discussion
UV-vis Results of Methyl Orange Degradation
The UV-vis results of methyl orange degradation were shown in Fig. 1 . For the stable photocatalytic performance of nano ZnO/α-Fe 2 O 3 /ATP, it had the best adsorption capacity and excellent degradation rate which achieved 85.3% and 73.7% within 3.5h under UV light and natural light respectively. Besides, the degradation rate of nano ZnO/α-Fe 2 O 3 /ATP composite materials increased significantly compared to ATP or Nano ZnO/ATP composite. 
The Kinetics of Photocatalytic Degradation Reaction of Methyl Orange
The photocatalytic kinetic curves of the composites degraded methyl orange were shown in Fig. 2 . The absorbance ln(A 1 /A 2 ) was linear related to the time t, which proved that under the action of nano ZnO/α-Fe 2 O 3 /ATP the degradation of methyl orange was consistent with first-order kinetic equation and was expressed as: 
Analysis of the Composites Appearance and SEM
The photo of ATP and Nano ZnO/α-Fe 2 O 3 /ATP composites were scanned by SEM as shown in Fig.  3 , some spherical particles in attapulgite rod-like structure obviously. The length of ATP was labeled with rectangular box and the diameter of spherical particles was labeled with circles in Fig.  3(b) . The diameter of spherical particles was approximately 30-150nm in size. The length of attapulgite was 700nm approximate. The particles were similar in Fig. 3(b) , so it was hard to distinguish between α-Fe 2 O 3 and ZnO. Fig. 4(a) showed the XRD patterns of attapulgite and ZnO/α-Fe 2 O 3 /ATP. The interlayer distance of the peak observed at 2θ=8.34° was attributed to the basal space of the attapulgite framework [16] . As a result of this part of space filled by nano ZnO/α-Fe 2 O 3 , the peak shape was weakened. The peaks situated at 2θ=33.14° and 2θ=35.16° were the corresponding peaks to the position of α-Fe 2 O 3 reflections related to crystalline hexagonal phase. Compared with the diffraction pattern of ATP and ZnO/α-Fe 2 O 3 /ATP, the main reflections associated to the ATP structure didn't change which indicated that doping agents were dispersed onto the ATP surface than react.
Analysis of the Composites XRD
Analysis of Composites Materials FT-IR
The FT-IR spectra of attapulgite and ZnO/α-Fe 2 O 3 /ATP were shown in Fig. 4(b) . According to the FT-IR spectra, the band at 3614cm -1 corresponded to the stretching vibration of hydroxyl groups which were coordinated to the octahedral magnesium and the tetrahedral silicon [17] . The band at 3550cm -1 was attributed to the symmetric and asymmetric stretching modes of molecular water coordinated to the magnesium at the edge of the channels. The band at 1641cm -1 was ascribed to the zeolitic water. As well as, the bands at 1031 and 471cm -1 were attributed to the asymmetric stretching modes of Si-O-Si, and the peak at 800cm -1 may correspond to the stretching vibration of Al-O-Si. The bands at 2849cm -1 and 2918cm -1 may correspond to the stretching vibration of alkyl that come from CTAB. The wide absorption band observed in the low energy region was formed by the stretching vibrations modes of Zn-O and Fe-O bonds (650 and 470cm -1 ) [18] . From XRD and FT-IR it is found that the complexes did not have chemical bonds, but laminated together. 
Conclusion
Nano ZnO/α-Fe 2 O 3 /ATP could degrade methyl orange efficiently. The composite materials had stable photocatalytic performance and excellent degradation rate. Furthermore, their degradation rate can achieve 73.7% within 3.5h under natural sunlight. The degradation reaction of methyl orange was consistent with first-order kinetic equation. The adsorption property and photo-degradation performance of the composite materials ZnO/α-Fe 2 O 3 /ATP, nano-ZnO/ATP, and attapulgite were decreased in turn.
